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Abstract. The natural dye extracted from Amaranthus dye and Carica 
Papaya dye which has been prepared in ethanol solution as a sensitizer on 
DSSC. The Spin coating method is used so that the deposition on TiO2 gets a 
homogeneous thin layer on the active area of the FTO substrate. The dye 
solution was tested for characterization using the Elkahfi I-V Meter and UV-
Vis 1601 while the FTO structure substrate that had been prepared as a 
sandwich was tested using Keithley I-V type 2602A. The result of 
absorbance of dye is at a wavelength of 400 nm - 800 nm and there is also a 
shift in wavelength and peak absorption of the dye. The greatest efficiency 
was obtained from chlorophyll amaranthus which is 0.407% while 
chlorophyll Carica papaya obtained an efficiency of 0.321%. In the 
combination of Amaranthus dye and Carica papaya dye, the efficiency was 
0.526%. High efficiency on TiO2 electrodes shows good performance on 
Dye-sensitized solar cells. 
Keywords: Spin coating method, TiO2 paste, Amaranthus and Carica 
Papaya dye chlorophyll, Dye-sensitized solar cell (DSSC) 
1.  Introduction 
Solar cells (DSSC) are one of the major and economic challenges of the 21
st
 century. 
The ultimate goal is to create and find the best configuration of solar cells based on 
inexpensive and highly efficient materials in the conversion of solar energy and further 
test the efficiency of dye-sensitive titanium dioxide solar cells (Ari, et al, 2015). DSSC 
has also produced high-efficiency cells based on Titanium dioxide (TiO2) nanoparticles 
and dye solutions on transparent glass substrates, natural dyes, and electrolyte solutions. 
DSSC is composed of two parts, namely the generation of charge carried out on 
semiconductor dyes and the transport of the charge carried out by semiconductors and 
electrolytes which is an optimization of spectral properties can be done by modifying 
the dyes only, while carrier transport properties can be increased by optimizing the 
composition of semiconductors and electrolytes. 
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High efficiency and low-cost solar cells are needed to capture sunlight and convert 
light to energy (Ito, 2008). An important goal in the development of DSSC technology 
is also the manufacture of solar cells because of its advantages as power supply 
equipment. New designs and applications such as renewable resources and power for 
laptops, cellphones, watches, pocket calculators, etc., are expected shortly. The device 
related to the photosynthesis process is DSSC, first reported by O 'Regan and Grätzel in 
1991, with a relatively high power conversion efficiency of 7.1-7.9%. Other parameters 
are the open-circuit voltage of 0.65 - 0.7 V and the charging factor of 0.68 to 0.76 V 
(Zeng, et all. 2010). 
DSSC is inseparable from dye, in this case, the dye has an important role as an 
absorber of sunlight and converts it into electrical energy. Chlorophyll is a leaf green 
substance that has the function to carry out carbon assimilation in photosynthesis. 
Chlorophyll has a green color and is present in cells, especially in the leaves of plants so 
that the color of the leaves turns green. The chlorophyll used is Amaranthus dye and 
Carica Papaya dye (Hadiat, 2000; Aziza, 2018; Agustini, 2013). 
2.  Experiments 
Extraction of dye sensitization for Amaranthus dye and Carica papaya dye. 
Amaranthus and Carica papaya are used as extraction dyes. Amaranthus and Carica 
Fresh papayas are taken and washed properly in ionized water and dried at room 
temperature for 30 minutes. The leaves are then ground with mortar using ethanol 
solution as solvent extraction. Dye that has been given ethanol solution is stored in a 
beaker and then covered with aluminum foil to prevent direct sunlight.  
The dye solution is stirred for 30 minutes at a speed of 300 rpm. Then it is prepared 
and stored in a dark room at room temperature. TiO2 deposition on FTO  substrate with 
an active area of 0.8 cm x 0.8 cm using the Spin Coating method (Iwantono, et all. 
2016) and then furnished at 400
0
C. Then immersed in a dye solution for 24 hours to find 
out the performance of the dye on DSSC. The characteristics will be measured using a 
Uv-Vis spectrophotometer, test dye solution to find out the peak of the wave and the 
energy gap. Characteristics of conductivity values using the Elkahfi 100 / I-V Meter. 
After DSSC is assembled, it is continued with the current-voltage characteristic test 
using Keithley 2602A (Stathatos, 2012; Alfa, 2012). 
3.  Results and Discussion 
Dye solution extracted from Amaranthus chlorophyll and Carica Papaya with ethanol 
solvent can absorb and continue the visible light spectrum. Tests using a Visible 1601 
Spectrophotometer using a wavelength range of 400 nm-800 nm. The results of 
absorbance wave peaks and absorbance spectrum characterization can be seen in Table 
1 and Figure 1. 
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Table 1. Absorbance Spectrum of Materials 
Dye 𝛌 (nm) Spectrum Absorbance  (a.u) 
Amaranthus 431, 661 2,2995 dan 1,2857 
Carica papaya 433, 668 1,0853 dan 0,9415 
Hybrid Amarantus + Carica papaya 417, 668 1,9060 dan 1,4630 
 
Table 2. Characterization of the Conductivity Values 
Dye Conductivity in 
Dark conditions 
(𝛀−𝟏𝒎−𝟏) 
Conductivity in 
Light conditions 
(𝛀−𝟏𝒎−𝟏) 
𝚫 Conductivity 
 (𝛀−𝟏𝒎−𝟏) 
Amaranthus Dye 1.4 𝑥 10−2 5.1 𝑥 10−2 3.7 𝑥 10−2 
Carica papaya Dye 5.3 𝑥 10−2 8.4 𝑥 10−2 3.1 𝑥 10−2 
Hybrid Amaranthus Dye + 
Carica papaya Dye 
5.0 𝑥 10−2 10 𝑥 10−2 5.0 𝑥 10−2 
   
Table 3. Characterization of the Conductivity Values  
Dye Voc 
(mV) 
Isc x 10
1
 
(mA) 
Vmax 
(mV) 
Imax (mA) FF Efficiency 
 (%) 
Amaranthus Dye 545 29.58 378 27.04 0.63 0.407 
Carica papaya Dye 378 28.72 227 20.32 0.36 0.321 
Hybrid Amaranthus Dye 
+ Carica papaya Dye 
469 28.53 303 22.22 0.50 0.526 
 
The conductivity values can be seen in Table 2 and the Conductivity 
Characterization in the dark and light conditions can be seen in Figure 2. These results 
indicate that both in the dark or in the light condition can conduct electricity and 
electrons better. 
 
 
(a) 
 
(b) 
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(c) 
Figure 1. (a) Characterization spectrum absorbance of Amaranthus dye (b) 
Characterization spectrum absorbance of Carica Papaya dye (c) Characterization 
Absorbance Spectrum of Hybrid Amaranthus + Carica Papaya dye  
 
 
(a) 
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(b) 
 
 
(c) 
Figure 2. (a) The conductivity Characterization of Amaranthus dye (b) The 
conductivity Characterization of Carica Papaya dye (c) The conductivity 
Characterization of Hybrid Amaranthus + Carica Papaya dye 
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Voltage-current characterization is a method to determine the performance of Dye-
Sensitized Solar Cells how much DSSC's ability can convert solar energy into electrical 
energy in dark and light conditions under halogen lighting. The results obtained with 
good efficiency can be seen in Table 3 and Figure 3. The immersion time of the FTO 
substrate which produces the highest efficiency value is Amaranthus dye during 24 
hours immersion. Carica Papaya dye obtained an efficiency value of 0.321% and Hybrid 
Amaranthus + Carica papaya obtained an efficiency value of 0.526%. 
 
 
Figure 3. Characteristics of DSSC Amaranthus dye, Carica Papaya dye, and Hybrid 
Amaranthus dye + Carica Papaya dye 
Electrolytes used are liquid electrolytes, quick to evaporate and quickly oxidized can 
produce catalyst transfers that are less than the maximum. So in the use of electrolytes 
must be carefully considered the cleanliness of pipettes and how to drip electrolytes in 
the FTO substrate (Arifin, et all. 2018). 
4.  Conclusion 
The absorbance spectrum results obtained were light absorption in the wavelength 
range of 400 nm-800 nm is Amaranthus dye 431-663 nm  and Carica Papaya dye  433-
668 nm and Hybrid Amaranthus + Carica Papaya dye is 417-668 nm.  
Carica Papaya dye absorption is more effective than Amaranthus dye. The value of 
the conductivity test results which have more conductive properties is Amaranthus dye. 
While the Keithley test value with the greatest efficiency is the Amaranthus dye of 
0.407%. Soaking time for chlorophyll dye for 24 hours resulted in good performance of 
dye sensitivity in DSSC (Arifin, et all. 2019). 
 
Journal of Physics: Theories and Applications E-ISSN: 2549-7324  /  P-ISSN: 2549-7316    
J. Phys.: Theor. Appl.  Vol. 3 No. 2 (2019) 69-76 doi: 10.20961/jphystheor-appl.v3i2.38292 
F I Pote, A Supriyanto, F Nurosyid, Deni Kurniawan   75 
 
Acknowledgments 
This research was supported by the PNBP PUT of Universitas Sebelas Maret 
(Contract Number: 516/UN27.21/PP/2019). 
References 
Ari A. Mohammed, et al, (2015). “Fabrication of Dye-Sensitized Solar Cell Based on 
Titanium Dioxide (TiO2)”, Advances in Materials Physics and Chemistry. Vol. 
5 361- 367 
Ito, S., Murakami, T. N., Comte, P., Liska, P., Gratzel, C., Nazeeruddin, M.K, and 
Gratzel. (2008). “Fabrication of Thin Film Dye-Sensitized Solar Cells with 
Solar to Electric Power Conversion Efficiency over 10 %. Thin solid films, 
516, 4613- 4619 
Zeng, W., Cao, Y., Bai, Y., Wang, Y., Shi, Y., Zhang, M., Wang, F., Pan, C. and Wang, 
P. (2010). “Efficient Dye-Sensitized Solar Cells with an Organic 
Photosensitizer Featuring Orderly Conjugated Ethylene Dioxythiophene and 
Dithienosilole Blocks”, Chemistry of Materials, Vol 22, 1915-1925. 
http://dx.doi.org/10.1021/cm9036988 
Hardin, B.E., Yum, J.-H., Hoke, E.T., Jun, Y.C., Pechy, P., Torres, T., Brongersma, 
M.L., Nazeeruddin, M.K., Graetzel, M. and Mc Gehee, M. D. (2010). “High 
Excitation Transfer Efficiency from Energy Relay Dyes in Dye-Sensitized 
Solar Cells”.  Nano Letters, Vol 10, 3077- 3083. 
Campbell, W.M., Jolley, K.W., Wagner, P., Wagner, K., Walsh, P.J., Gordon, K.C., 
Schmidt Mende, L., Nazeeruddin, M.K., Wang, Q., Grätzel, M. and Officer, 
D.L. (2007). ”Highly Efficient Porphyrin Sensitizers for Dye-Sensitized Solar 
Cells”. The Journal of Physical Chemistry Letters, Vol 111, No 32, Pages 
11760-11762 
Hadiat, dkk, (2000). “Kamus Ilmu Pengetahuan Alam Untuk Pelajar SLTP dan SLTA”, 
Balai Pustaka, Jakarta. 
Aziza H, A, dkk. (2018). “ Kajian pH Klorofil Terhadap Ikatan Kimia Dye pada TiO2 
sebagai Aplikasi  Dye- Sensitized  Solar Cell (DSSC)”, Jurnal Fisika dan 
Aplikasinya. Volume 14, No I Pages 16-19 
Agustini, S, dkk. (2013). “Fabrikasi Dye- Sensitized Solar Cell (DSSC) Berdasarkan 
Fraksi Volume TiO2 Anatase- Rutile dengan Garnicia Mangostana dan Rhoeo 
Spathacea sebagai Dye Fotosensitizer”.  Jurnal Teknik ITS. Vol 2 No 2 pp. 
B131-B136 
I. Iwantono, dkk, (2016). “Optimalisasi Efisiensi Dye Sensitized Solar Cells Dengan 
Penambahan Doping Logam Aluminium Pada Material Aktif  Nanorod Zno 
Menggunakan Metode Hidrotermal”, Jurnal Material dan Energi Indonesia. 
Vol. 06, No. 01 Pages 36-43 
Wilfrida M, O, dkk, (2017). “Karakteristik Dye-Sensitized Solar Cell Berdasarkan 
Perbandingan Volume TiO2 Nanopartikel dan Logam Cu Melalui Pembuatan 
Nanokomposit”, Proceeding Seminar Nasional IPA VIII-P-031, Pages 210-215 
Stathatos, E. (2012). “Dye-Sensitized Solar Cells: A New Prospective to the Solar to 
Electrical Energy Conversion. Issues to be Solved for Efficient Energy 
Journal of Physics: Theories and Applications E-ISSN: 2549-7324  /  P-ISSN: 2549-7316    
J. Phys.: Theor. Appl.  Vol. 3 No. 2 (2019) 69-76 doi: 10.20961/jphystheor-appl.v3i2.38292 
 
76 Performance of Natural Chlorophyll Amaranthus.... 
 
Harvesting”. Journal Of Engineering Science And Technology Review 5 pp 9-
13 
Alfa, B, et al (2012). “Fabrication and Characterisation of Titanium Dioxide Based 
Dye-Sensitized Solar Cell using Flame of the Forest Dye”. Applied Physics 
Research, Vol 4, No 1 pp 48-56 
Z. Arifin, S. Soeparman, D. Widhiyanuriyawan, Suyitno, A.T. Setyaji, (2018). 
Improving Stability of Chlorophyll As Natural Dye for Dye-Sensitized Solar 
Cells, Jurnal Teknologi (Sciences & Engineering) 27-33. 
M N Arifin, A Supriyanto, A H Ramelan, F Nurosyid (2019). Influence of Fe2(SO4)3 
doping concentration into Chlorophyll (Carica Papaya L.) dye on the 
performance of Dye-Sensitized Solar Cells. IOP Conf. Series: Journal of 
Physics: Conf. Series 1153  012096 DOI: 10.1088/1742-6596/1153/1/012096 
 
 
 
